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EXECUTIVE SUMMARY

At the request of ExxonMobil Oil Corporation (ExxonMobil), Environmental Resolutions, Inc. (ERI) has
prepared this final remedial action plan (RAP). Mobil Station 18MLJ is currently an open case with the
California Regional Water Quality Control Board — Los Angeles Region (CRWQCB). On March 4, 2005,
ExxonMobil submitted an interim remedial action plan (IRAP) to the CRWQCB. The IRAP proposed the
installation of four on-site air sparging/soil vapor extraction (AS/SVE) wells and the performance of an
AS/SVE feasibility study. This final RAP provides the results from implementation of the scope of work

contained in the IRAP and presents a recommendation for active remediation at the site.

In situ AS/SVE causes fuel constituents to volatilize from groundwater to vapor phase where they can be
transported to and recovered from the vadose zone. This technology is applicabie at sites where
permeable soils extend from the saturated zone (to facilitate air injection into groundwater) into the
vadose zone (to facilitate capture of the off-gas generated from sparging). In situ AS/SVE requires
simultaneous operation of an air -injection source (i.e., a blower or compressor) and a vapor extraction
system. Air sparging involves the injection of air into the saturated zone below the areas containing fuel
constituents. Fuel constituents dissolved in groundwater and adsorbed on soil particles are stripped by
the introduced air and become vapor phase fuel constituents. The vapor phase fuel constituents migrate

upward to the vadose zone where they are captured by vapor extraction methods.

The results from the feasibility study suggest that an effective SVE radius of influence (ROI) of
approximately 44 feet for the deep zone and approximately 34 feet for the shallow zone, and an effective
air sparging ROl of approximately 42 feet can be obtained at the site. Based on historical soil and
groundwater analytical data, site geology, and the results of the AS/SVE feasibility study, ERI
recommends AS/SVE technology as the most cost-effective and technically feasible technology for soil

and groundwater remediation at the site.



ERI
ENVIRONMENTAL RESOLUTIONS, INC.

REMEDIAL ACTION PLAN

For

Mobil Station 18MLJ
5005 North Long Beach Boulevard
Long Beach, California

1.0 INTRODUCTION

At the request of ExxonMobil Oil Corporation (ExxonMobil), Environmental Resolutions, Inc. (ERI) has
prepared this remedial action plan (RAP) for the above-referenced site (Site Location Map, Plate 1). Ina
letter to ExxonMobil dated May 9, 2005, the California Regional Water Quality Control Board - Los
Angeles Region (CRWQCB) approved the interim remedial action plan (IRAP) proposed by ExxonMobil
dated March 4, 2005. The IRAP proposed the installation of four, on-site air sparging/soil vapor
extraction (AS/SVE) wells and the performance of an AS/SVE feasibility test. The details and results from
both activities are included in this final RAP. A copy of the CRWQCB letter is included in Appendix A.

2.0 SITE DESCRIPTION

The subject site is an active Mobil service station which sells Mobil-branded gasoline, located at the
northwestern corner of North Long Beach Boulevard and Del Amo Boulevard in Long Beach, California
(Plate 1). The site facilities consist of a service station building containing a Mobil Mart food store. The
fueling system consists of three unieaded-gasoline underground storage tanks (USTs), one diesel UST,
seven fuel dispensers (six gasoline and one diesel) and the associated product piping. The site facilities
are shown on the Generalized Site Plan (Plate 2). The area surrounding the site consists of commercial
businesses, apartments and residential housing. A Chevron service station is located on the
southwestern corner of the intersection across Del Amo Boulevard. A Shell service station is located on
the southeastern corner. A 7-Eleven food store and a McDonald’s restaurant are located on the

northeastern corner.

ERI 316305.R04 1
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3.0 BACKGROUND

This section briefly summarizes previous activities conducted at the site. For more detailed information, refer
to the documents listed in the reference section of this RAP. The locations of soil samplings and existing
groundwater monitoring wells are shown on Plate 2. Soil analytical results from previous investigations are
summarized in Table 1, and cumulative water level measurements and groundwater analyses are presented
in Table 2.

In August 1989, American Environmental Management Corporation (AEM) conducted a site assessment that
consisted of drilling and sampling six soil borings, and completing three of the soil borings as groundwater
monitoring wells (AEM, 1989). The results of this investigation prompted the City of Long Beach Department
of Health and Human Services (LBDHHS) to transfer the case to the CRWQCB for further review and
oversight. The case was transferred on October 4, 1989, and the CRWQCB issued case file No. 908050452
to this site. Subsequent to the transfer of this case to the CRWQCB, additional site assessment and remedial
testing activities were performed at the site which resulted in the installation of nine groundwater monitoring
wells (five on site and four off site), three on-site air sparging wells and two on-site vapor extraction wells.
Quarterly groundwater monitoring was conducted at the site from first quarter 1993 through second quarter
1996 (TRAK Environmental Group, 1996). During this time period, depth to groundwater ranged from
approximately 27 to 36 feet below ground surface (bgs), and the groundwater flow direction was consistently
toward the southwest. On July 23, 1996, the CRWQCB issued an Underground Storage Tank Case Closure
Letter, and required that all wells be properly destroyed. On November 11, 1996, Remedial Management
Corporation (RMC) submitted a well abandonment report stating that all of the wells (on site and off site) had

been abandoned by pressure grouting (RMC, 1996).

In January 2001, H.B. Covey of Pomona, California, conducted a fueling system upgrade at the site. The
upgrade consisted of removing and replacing the fuel dispensers and related product piping. FREY
Environmental, Inc. (FREY) of Newport Beach, California, performed soil sampling activities in conjunction
with the fueling system upgrade. FREY personnel collected soil samples from six locations adjacent to the
fuel dispensers and from one location adjacent to the product piping. Methyl tertiary butyl ether (MTBE) in

soil was measured at a maximum concentration of 50 milligrams per kilogram. (FREY, 2001)

ExxonMobil transferred environmental consulting responsibilities for this site to ERI in October 2002. In
subsequent case reviews between ExxonMobil and ERI, a decision was made to assess the condition of soil
and groundwater beneath the site. This decision was based on the concentrations of fuel oxygenates in soil
detected during the aforementioned fueling system upgrade, and the juxtaposition of sensitive receptors in
the area. In February 2003, ExxonMobil submitted a work plan for the installation of three groundwater

monitoring wells at the site.
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In April 2003, ERI conducted an initial site assessment which consisted of drilling and sampling soil borings
B1 throngh B3. Borings B1 and B2 were completed as groundwater monitoring wells MW1 and MW2,
respectively. Boring B3 was completed as dual-completion groundwater monitoring/soil vapor extraction well
MW3. During this investigation, groundwater was first encountered at approximately 30 feet bgs. The data
presented in this report resulted in the LBDHHS transferring the case to the CRWQCB for further review and
oversight. (ERI, 2003)

In October 2004, ERI conducted an additional site assessment which consisted of drilling and sampling off-
site soil borings B4 through B6. The borings were completed as groundwater monitoring wells MW4 through
MW8, respectively. The purpose of this investigation was to provide off-site delineation of fuel constituent

concentrations in soil and groundwater. (ERI, 2004)
In March 2005, ERI drilled and sampled on-site boring B7 which was completed as groundwater monitoring
well MW7. This well was installed to provide upgradient delineation in the northeastern portion of the site.

(ERI, April 14, 2005)

3.1 _Groundwater Monitoring

Quarterly groundwater monitoring and sampling has been conducted at the site since the second quarter
2003. During that time, the average depth to groundwater at the site has been approximately 29 feet bgs,
and groundwater flow direction has been toward the southwest. The most recent quarterly groundwater
monitoring and sampling event took place on August 4, 2005 (ERI, October 15, 2005). Groundwater
elevation data for the third quarter 2005 is shown on the Groundwater Elevation Contour Map — 08/04/05
(Plate 3). |

4.0 REGIONAL GEOLOGY AND HYDROGEOLOGY

The site is situated within the West Coast Groundwater Basin in the southwestern portion of the Central
Basin Pressure Area subunit of the Los Angeles County Coastal Plain [California Department of Water
Resources (CDWR), 1961]. The site is located on the physiographic feature known as the Downey Plain, a
broad alluvial plain formed by the ancestral Los Angeles and Rio Hondo-San Gabriel River systems. The
Downey Plain extends from Ballona Gap southward across the central lowland area of the coastal plain. The
site is located approximately 0.4 miles east of the Los Angeles River and approximately 5.0 miles west of the
San Gabriel River. Beneath the site vicinity are approximately 50 feet of Quaternary alluvial sediments that
overiie the Pleistocene-age Lakewood Formation. The upper portion of the Lakewood Formation includes
the Bellflower Aquiclude, which consists of a mixture of fine-grained flood plain, marine and wind-blown
deposits. In the region of the site, the first producible aquifer is the Artesia Aquifer, the uppermost aquifer of

the Lakewood Formation, which occurs in the vicinity of the site from an estimated depth of 75 to 105 feet bgs
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(CDWR, 1961, Cross-Section E-E-E"). The subsurface distribution of the Artesia Aquifer follows the general
trend of the present-day San Gabriel River-Coyote Creek drainage and is composed of gravel and sand with
interbedded silt and clay (CDWR, 1961). A thin aquiclude separates the Artesia Aquifer from the underlying
Gage Aquifer. The Gage Aquifer is the lowermost aquifer of the Lakewood Formation, occurring in the site
vicinity from an estimated depth of 125 to 155 feet bgs. The Gage Aquifer consists of coarse-grained sand

with minor gravel in the region of the site.

Structurally, the site is situated within the Newport-inglewood Fault Zone, a northwest-southeast trending
region of structural deformation. In the site vicinity, the Newport-Inglewood Fault Zone includes the Cherry
Hill Fault and Long Beach Anticline, which are located about 1 mile to the southwest of the site (CDWR,
1961).

4.1 Site Stratigraphy
Based on the results of the assessment work performed by ERI, the shallow sediments beneath the site

consist chiefly of silt and sandy silt to approximately 25 feet bgs. Below 25 feet, the sediment consists of
poorly graded sand to the maximum explored depth of 51.5 feet bgs. Geologic cross-sections A-A’ and

B-B' are presented as Plates 4 and 5, respectively.
5.0 SENSITIVE RECEPTORS

Sensitive receptors include water supply wells, schools, hospitals and surface water bodies within a 1-mile
radius of the site. In August 2005, ERI updated the sensitive receptor survey information for this site. The
initial SRS was performed in 2003. Each receptor identified by this survey is depicted on the Sensitive

Receptor Map (Plate 6).

5.1 Water Well Inventory
Nine potential receptor wells were identified within a 1-mile radius of the site. The two closest wells, wells

905L and 906B, are located approximately 2,170 feet southwest and 2,270 feet south of the site,
respectively. Well 905L is listed as last being measured on November 24, 2004, and at that time
groundwater was encountered at a depth of 73.5 feet bgs. Well 906B is listed as last being measured on
October 13, 2004, and at that time groundwater was encountered at a depth of 96.5 feet bgs. Well 905L
was originally drilled to a depth of 378 feet bgs on July 27, 1955. The well was originally perforated from
a depth of 360.5 to 375.5 feet bgs, and its initial use is listed as “Public Playgrounds.” The original depth
of well 906B was 177 feet bgs, but the well use, perforated intervals, and date drilled were unavailable

from the Los Angeles County Department of Public Works — Hydrologic Records Division.
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5.2 Schools and Hospitals _
Schools and hospitals in the site vicinity were located using the Yahoo! Maps database and Rand

McNally’s 2003 Thomas Guide. The survey identified five schools located within a 1/2-mile radius of the
site. Those five schools are: .
e Praise Temple Academy, 5095 North Long Beach Boulevard, Long Beach. This school is located
approximately 630 feet north/northwest of the site.
» Sutter Elementary School, 5075 Daisy Avenue, Long Beach. This school is located
approximately 1,580 feet west of the site.
» lLong Beach Adventist School, 4951 Oregon Avenue, Long Beach. This school is located
approximately 2,010 feet west of the site.
e Southwestern Longview School, 4747 Daisy Avenue, Long Beach. This school is located
approximately 2,270 feet southwest of the site.
e Addams Elementary School, 5320 Pine Avenue, Long Beach. This school is located
approximately 2,320 feet northeast of the site.

There are no hospitals located within a 1-mile radius of the site.

5.3 Surface Water

Based on a review of the United States Geological Survey 7.5-minute topographic map for the Long Beach,
California, quadrangle (photorevised 1981), the closest surface water body to the site is the junction of
Compton Creek with the Los Angeles River, approximately 0.4 miles west of the site. The Los Angeles River

drains southward toward the Pacific Ocean.
6.0 AS/SVE WELL INSTALLATION ACTIVITIES

All field activities were conducted under the direct supervision of a state of California professional
geologist and in accordance with ERFs site-specific health and safety plan. The following sections
describe the field activities undertaken during the drilling and sampling of soil borings B8 through B11,
which were completed as wells AS/SVE1 through AS/SVE4, respectively.

6.1 Preliminary Activities

. Prior to the onset of drilling activities at the site, ERI obtained a well construction permit from the
LBDHHS. A copy of the well construction permit is included in Appendix B. The LBDHHS and the
CRWQCB were notified at least one week prior to the start of work. ERI| contacted Underground Services

Alert at least 48 hours prior to the start of work to mark buried utilities.
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On May 27, 2005, ERI directed GEOVision Inc. of Corona, California, to conduct a geophysical survey of
the proposed boring locations. GEOVision marked one proposed on-site boring location, B11, as
potentially located between two unknown trenches. No additional underground utilities were discovered

in close proximity to the proposed on-site boring locations.

On May 27, 2005, the borehole locations were cleared with non-destructive air excavation tools to a depth
of 5 to 8 feet bgs by Milestone Exploration of Anaheim, Caiifornia, in accordance with ExxonMobil's

procedures for utility clearance of boreholes.

6.2 Well Installation Activities

From May 31 to June 2, 2005, an ERI field geologist directed the drilling of borings B8 through B11, each
to a total depth of approximately 44 feet bgs. The borings were subsequently completed as remediation
wells AS/SVE1 through AS/SVE4. ERI’s subcontractor, J&H Drilling Company, Inc. of Anaheim,
California, performed the drilling and well installations using a CME-81 drilling rig equipped with 8-inch

and 10-inch diameter, continuous flight, hollow-stem augers. Triple-completion wells AS/SVE1 through
AS/SVE4 were constructed by installing an air sparging well and two SVE wells in the same borehole.
The air sparging wells were set at total depths of 44 feet bgs. The wells were installed by setting a 3-foot
long by 1.25-inch diameter, #60 stainless steel mesh, well injection point at the total depth of the wells
and then coupling it to 1-inch diameter, schedule 40, polyvinyl chloride (PVC) casing. The SVE portions
of each AS/SVE well were completed at discrete depths. The shallow SVE casing of each well was set at
a total depth of 17 feet bgs, and was constructed with 2-inch diameter, schedule 40 PVC. The deep SVE
casing of each well was set at a total depth of 31 feet bgs, and was also constructed with 2-inch diameter,
schedule 40 PVC. The screened intervals of both the shallow and the deep SVE wells are 10 feet in
length and are constructed with sections of factory slotted, 0.020-inch screened casings. Above the
screened intervals, blank 2-inch diameter casings were set to approximately 0.5 feet bgs. The annular
spaces of the AS/SVE wells are backfilled with hydrated bentonite. The wells were surface completed
with traffic-rated well vaults. The well construction details are included on the soil boring logs in Appendix
C.

6.3 Soil Sampling
The ERI geologist directed the collection of soil samples for chemical analysis at approximate 5-foot

intervals to the total depth of each boring. J&H used an 18-inch long, 2-inch diameter California modified
split-spoon sampler lined with three 6-inch long stainless steel sample sleeves. The soil samples from
borings B8 through B11 were classified and described by the ERI geologist at the time of their collection
according to the Unified Soil Classification System. The soil sample descriptions and photo-ionization

detector (PID) readings for each sample are presented on the boring logs in Appendix C.
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Soil samples selected to be submitted for laboratory analysis were preserved in the field in accordance
with Environmental Protection Agency (EPA) Method 5035, entered onto a chain-of-custody record and
placed in chilled storage for later transport to an ExxonMobil-approved, state-certified analytical

laboratory.

6.4 Soil and Water Disposal

Soil generated during borehole clearance and drilling activities was temporarily stored on site in
Department of Transportation (DOT)-approved, sealed 55-gallon drums and subsequently transported to
TPS Technologies’ permitted soil-recycling facility in Adelanto, California. The equipment
decontamination water generated during the drilling activities and purge water generated during well
development was stored on site in DOT-approved, sealed, 55-gallon drums and later transported to
Crosby and Overton’s permitted groundwater recycling facility in Long Beach, California. Copies of the

non-hazardous waste manifests for soil and groundwater recycling are included in Appendix D.

7.0 AS/SVE FEASIBILITY STUDY

On July 6 and 7, 2005, ERI conducted an AS/SVE feasibility study in accordance with the work plan
prepared by ERI dated March 4, 2005. The objectives of the AS/SVE study were to obtain engineering
| data for evaluation of future remediation options at the site; and to accomplish mass removal of fuel
constituents by removing soil vapors from one or more wells located in the areas where the highest

concentrations of fuel constituents were previously detected.

In situ AS/SVE causes fuel constituents to volatilize from groundwater to vapor phase where they can be
transported to and recovered from the vadose zone. This technology is applicable at sites where
permeable soils extend from the saturated zone (to facilitate air injection into groundwater) into the
vadose zone (to facilitate capture of the off-gas generated from sparging). In situ AS/SVE requires
simultaneous operation of an air injection source (i.e., a blower or compressor) and a vapor extraction
system. Air sparging involves the injection of air into the saturated zone below the areas containing fuel
constituents. Fuel constituents dissolved in groundwater and adsorbed on soil particles are stripped by
the introduced air and become vapor phase fuel constituents. The vapor phase fuel constituents migrate
upward to the vadose zone where they are captured by vapor extraction methods. The removal rates of
benzene, toluene, ethylbenzene and total xylenes (BTEX) are greater using air sparging than pump and
treat technology. Air sparging does not significantly change the pressure head in the ground and

therefore should not change the groundwater flow direction.

Based on the field and laboratory data generated during the previous site assessment activities
performed at the site, ERI used a mobile thermal-oxidizing vapor extraction unit and an air compressor to

7
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conduct the test. The study was performed in three phases: Phase 1 consisted of two single well tests to
determine the effective radius of influence (ROI) for vapor extraction for both the shallow (fine-grained)
zone and the deep (coarse-grained) zone; Phase 2 determined the induced pressure ROl from air
sparging; and Phase 3 measured the amount of fuel constituents removed during the simultaneous

operation of air sparging on the SVE wells.

7.1 Field Procedures

ERI subcontracted Ecotech Environmental Corporation of Fountain Valley, California, to provide a 250-
standard cubic feet per minute (scfm), thermal oxidizing mobile vapor extraction/treatment unit and a
Sullair 185® portable air compressor for the AS/SVE study. The mobile unit is capable of simultaneously
applying air pressure to the air sparging wells while applying a vacuum to draw soil vapors from the SVE
wells and surrounding subsurface soils. The thermal oxidizer on the mobile unit was used to treat the

extracted vapors. An oil-less compressor was used for air sparging to provide injection air.

Throughout the three phases of the AS/SVE study, ERI personnel monitored the extraction well(s) and
recorded on a periodic basis the total flow rate of the influent vapor stream to the thermal oxidizer in scfm
and the vacuum produced by the blower at the unit in inches of water (in. HO). During the test, the

influent vapor stream was monitored by using a MiniRAE® PID calibrated to an isobutyiene standard of |
100 parts per million by volume (ppmv). Field instruments such as the PID are useful for evaluating
relative concentrations of volatilized hydrocarbons, but they do not measure fuel hydrocarbon

concentrations with the same precision as laboratory analysis.

The induced negative or positive pressure readings in the observation wells were recorded at periodic
intervals during the phases of the study designed to determine the ROI. A Dwyer digital manometer was
used to measure and record the induced negative/positive pressure created in each of the observation

wells in in. H,0.

Prior to the start of the tests, aboveground, 2-inch diameter, reinforced flex hoses with inline shut-off
valves were routed from the vapor treatment unit and connected to the casing heads of the extraction
well(s). Temporary traffic ramps were installed to protect the hoses connected to the extraction wells used
during the single- and multiple-well tests. The following sections describe the tests in the order they were

performed.

7.2 Phase 1 —Single-Well SVE ROI Tests
Vacuum extraction for the single well SVE tests was conducted on the vapor extraction portion of triple-

completion well AS/SVE1 for the deep and shallow zones. The deep zone was tested first and consisted
of applying an average vacuum of approximately 105 in. H,O to well SVE1-deep and measuring induced

vacuums in observation wells AS/SVE2 through AS/SVE4, and in groundwater monitoring well MW6. All
8
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vacuum readings from the extraction well were measured during the test before the vacuum receiver.
The deep zone ROI test was conducted for approximately 180 minutes. Influent vapor samples I-SVE1D-

A and I-SVE1D-B were collected during the deep zone test.

The shallow ROl zone test was also conducted for approximately 180 minutes. The average vacuum
applied at the shallow zone was approximately 120 in. H,O. The same observation wells that were used
to measure induced vacuum during the deep zone single well ROI test were also used for the shallow
zone test. Influent vapor samples I-SVE1S-A and I-SVE1S-B were collected during the shallow zone test.
The laboratory analytical data from the influent vapor samplés is presented in Table 3. The field readings
measured during the shallow and deep SVE ROI tests are presented in Tables 4 through 7.

7.3_Phase 2 — Single-Well Air Sparging ROl Test

A single-well air sparging test was performed to determine the positive pressure ROI. The test was
performed by connecting the air sparging portion of well AS/SVE1 to an oil-less air compressor capable of
providing air pressure sufficient to overcome the hydraulic head above the well’'s injection point and the
entry pressure required to allow the injected air to move away from the well bore and into the fine-grained
soils of the saturated zone. The test was performed using an average air injection pressure of 7.5
pounds per square inch (psi). The injection well data recorded during the air sparging ROl test is

presented in Table 8.

The positive pressures induced in the vadose zone were monitored periodically at observation wells
AS/SVE2 through AS/SVE4, MW1, MW2 and MW6. The depth to groundwater was measured at the
beginning and end of the single-well air sparging test from all six observation wells. In addition, dissolved
oxygen (DO) readings were collected periodically from wells MW1, MW2 and MW6 during the test.
Induced pressure readings are presented in Table 9. Groundwater level measurements and DO readings

are presented in Table 10.

7.4 Phase 3 — Multiple Well AS/SVE Mass Removal Test
The multiple well AS/SVE mass removal test was conducted by connecting the mobile thermal-oxidizing

vapor extraction unit to the SVE casings of wells AS/SVE1 through AS/SVE4 and conducting
simultaneous vapor extraction on all the wells while supplying compressed air to the air sparging tip in
well AS/SVE1. This test was conducted to evaluate the maximum vapor concentrations detected by
laboratory analyses while performing full-scale extraction from the remediation wells on site. The vapors
extracted during the test were monitored with a PID at the influent to the treatment unit. Composite
influent vapor samples |I-SVE COMB-A and I-SVE COMB-B were collected for laboratory analyses near

the beginning of the test and before ending the test, respectively. Field readings measured during the
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mass removal test are presented in Table 11. The laboratory analytical data from the influent vapor

samples is presented in Table 3.
8.0 ROI RESULTS
The following sections discuss the ROI results of the AS/SVE test.

8.1 Effective Vapor Extraction ROI
The effective ROI for vapor extraction was determined from a graphical solution. The induced vacuum

measured in each of the observation wells at the end of the single-well SVE tests, and the applied
vacuum measured at the extraction well, was plotted on a semi-logarithmic graph as a function of the
distance between each observation well and the extraction well. A computer-derived best fit line was
drawn through the data points and used to determine the vapor extraction ROIl. The graphical solutions

for the deep zone and the shallow zone ROls are presented on Plate 8 and Plate 9, respectively.

The induced vacuum readings measured at the observation wells during the single-well deep zone ROI
test indicate that an estimated effective vapor extraction ROl of approximately 44 feet was obtained using
well AS/SVE1 as the extraction well at an average applied vacuum of 105 in. H,O and a total flow rate of
11 scfm. The effective vapor extraction ROI for the shallow zone of approximately 34 feet was obtained
using well AS/SVE1 as the extraction well at an applied vacuum of 120 in. H,O and a total flow rate of 13
scfm. The ROIs for both the deep and the shallow zones are based on an induced vacuum of 0.25 in.
H,0 as the minimum vacuum required for effective and cost-efficient vapor extraction. Induced vacuums
were still rising at the end of the test, so the estimated ROI for both zones is considered to be

conservative.

8.2 Effective Air Sparging ROI
A maximum air pressure of 8.5 psi was applied to the air sparging portion of triple-completion well

AS/SVE1 during the single-well air sparging test. Positive pressure readings measured in the vapor
monitoring points indicated that an ROI of approximately 42 feet could be generated from well AS/SVE1
during air sparging. The representative ROl graph of the positive pressure measurements, at an effective

positive pressure reading of 1.0 in. H,0, is presented on Plate 10.
9.0 LABORATORY ANALYSES

The soil samples were submitted for chemical analysis to TestAmerica, Inc. (TestAmerica) in Nashville,
Tennessee. TestAmerica is certified as an analytical laboratory by the State of California Department of

Health Services. ERI personnel collected vapor samples in Tedlar® bags from the influent vapor stream

10
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to the thermal oxidizer treatment unit at the beginning and end of each phase of the test. The vapor
samples were submitted for analyses to Calscience Environmental Laboratories, Inc. (Calscience) of

Garden Grove, California, a state-certified laboratory.

The soil and vapor samples were analyzed for the presence of total petroleum hydrocarbons as gasoline
(TPHg) by EPA Cal-LUFT Method and EPA Method T0-3(M), respectively, and for BTEX and fuel
oxygenates by EPA Method 8260B and EPA Method TO-15M, respectively. The fuel oxygenates
analyzed were MTBE, di-isopropyl ether, ethyl tertiary butyl ether, tertiary amyl methyl ether and tertiary
butyl alcohol. Soil samples were also analyzed for ethanol by EPA Method 8260B and for total petroleum
hydrocarbons as diesel by EPA Method 8015B/Cal-LUFT.

The soil analytical results are summarized in Table 1 and depicted on the Soil Sample Analyses Map -
05/31-06/02/05 (Plate 7). The vapor analytical results are summarized in Table 3. The laboratory reports

and chain-of-custody records for the soil and vapor samples are included in Appendix E.
10.0 EVALUATION OF AS/SVE TEST RESULTS

Based on the engineering data obtained and the vapor analytical results from this feasibility study, ERI

makes the following evaluations regarding the effectiveness of the AS/SVE system proposed for this site:

¢ The calculations of total pounds of TPHg, benzene and MTBE removed in the vapor stream are
summarized in Table 12. The caiculations used to determine the amounts of fuel constituents
removed in the vapor stream are based on the system flow rate, operating hours and the
analytical results of the influent vapor samples submitted to Calscience. The total pounds of
TPHg, benzene and MTBE removed from the vadose zone were 28.087 pounds, 0.0363 pounds
and 0.306 pounds, respectively.

e The relatively limited extent of the ROI for vapor extraction obtained by the vacuum applied
during the single-well deep and shallow SVE tests indicates that a high vacuum liquid ring pump
(LRP) may be necessary for SVE to be most effective. The LRP should be capable of providing a
vacuum of at least 18 inches of mercury and a flow rate of at least 50 scfm. A conservative
representation of the effective ROI for both air sparging and SVE using the engineering data
obtained during this feasibility study is presented on the Soil Vapor Extraction & Air Sparging
Radius of Influence Map (Plate 11).

¢ During the study, a maximum influent vapor sample concentration of 17,000 ppmv of TPHg was
reported during laboratory analyses. This concentration is too high for cost-effective vapor

treatment with vapor-phase carbon. Therefore, ERI recommends that the initial off-gas be treated
11
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with an electric catalytic oxidizer. ERI also recommends that as these influent vapor
concentrations decrease, the catalytic oxidizer be replaced with vapor-phase activated carbon
canisters for off-gas treatment. The LRP and off-gas vapor treatment unit (first electric catalytic

oxidizer, then carbon) will be interlocked so that they run in series.

¢ An effective SVE ROI of approximately 44 feet for the deep zone was generated during the
single-well SVE test at a flow rate of 11 scfm and an applied vacuum of 105 in. H,O. An effective
SVE ROI of approximately 34 feet for the shallow zone was generated during the single-well SVE
test at a flow rate of 13 scfm and an applied vacuum of 120 in. H,O. An effective air sparging
RO of approximately 42 feet was generated during air sparging at a pressure of 8.5 psi. Based
on the fact that the air compressor proposed to be used for the AS/SVE system will be capable of
delivering between 6 and 10 scfm and the proposed vapor extraction unit will be capable of
generating a flow of at least 50 scfm, all hydrocarbon vapors generated by air sparging will be
recovered by the vapor extraction unit. Based on these radii of influence, ERI recommends that
two additional AS/SVE wells be installed at the locations shown on Plate 11. The construction of
the wells will be similar to that of existing well AS/SVE1.

e Based on the soil vapor analytical data obtained during this test and the historical groundwater
analytical data for the site, the predominant constituents of concern appear to be TPHg and
BTEX. Fuel oxygenates were detected in soil vapor, but at a smaller percentage. The
combination of air sparging and SVE has proven in the past to be an effective tool for remediation

of fuel constituents in soil and groundwater.

11.0 RECOMMENDATIONS

Based on historical soil and groundwater analytical data, site geology, and the results of the AS/SVE
feasibility study, ERI recommends AS/SVE technology as the most cost-effective and technically feasible
technology for soil and groundwater remediation at the site. AS/SVE technology will remediate fuel
constituents in the groundwater in the following ways: 1) finely divided air bubbles from the air sparging
points, each installed to a depth of approximately 43 feet bgs (13 feet below groundwater), will desorb
fuel constituents from the groundwater and bring them upward into the vadose zone where the SVE
system removes them; and 2) the introduction of fresh air increases the level of dissolved oxygen in the
groundwater, thereby increasing the level of biological activity of naturally occurring microbes. The fuel
constituents are broken down by the microbes into carbon dioxide and water. The effectiveness of air
sparging in removing fuel constituents from the groundwater beneath the site will be evaluated by

continuing to sample the groundwater monitoring wells at the site on a quarterly basis.
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Upon approval of this RAP by the CRWQCB, ERI will submit a remedial design package to the City of
Long Beach. After remediation system startup, results of the progress of the remediation system will be
reported to the CRWQCB in the quarterly site conceptual model updates.

12.0 LIMITATIONS

For any reports cited that were not generated by ERI, the data taken from those reports is used “as is”
and is assumed to be accurate. ERI does not guarantee the accuracy of this data and ‘makes no

warranties for the referenced work performed nor the inferences or conclusions stated in these reports.

This report was prepared in accordance with generally accepted standards of environmental, geological
and engineering practices in California at the time of investigation. No soil engineering or geotechnical
references are implied or should be inferred. The evaluation of the geologic conditions at the site for this
investigation is made from a limited number of data points. Subsurface conditions may vary away from

these data points.
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